Introduction {#sec1-1}
============

The Class II, division 2 (Class II/2) malocclusion was originally characterized by Angle as having distal occlusion of the lower teeth in addition to specific features such as "slight narrowing of the maxillary arch, bunching of the maxillary incisors, with overlapping and lingual inclination."\[[@ref1]\] There appears to be no consensus on the exact underlying skeletal features of this malocclusion type,\[[@ref2][@ref3][@ref4]\] since no radiographic records were available at the time when Edward Angle proposed his classification system.\[[@ref1]\] Therefore, the Class II/2 might be considered as a unique malocclusion for its dental aspects, i.e., deep overbite and maxillary incisors retroclination.

Concerning the maxillary central incisors of Class II/2 individuals, there have been reports regarding its morphological peculiar configuration. Among other documented characteristics, such as reduced labiolingual and mesiodistal dimensions,\[[@ref2][@ref5]\] it has been reported that Class II/2 maxillary central incisors, as opposed to other malocclusion types, frequently demonstrate a certain "misalignment" between its crown and root axes. According to several cephalometric studies, maxillary central incisors of Class II/2 individuals, in contrast to other malocclusion types, demonstrate reduced crown-root angles, which indicates an excessive palatal "bend" of the crown.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\]

The importance of the crown-root angle, as well as its complementary, the so-called collum angle (CA), has been especially considered regarding Class II/2 malocclusions. For instance, a large CA (or a small crown-root angle) has been suggested to be one of the possible reasons for the deep overbites generally observed in such patients.\[[@ref6][@ref7][@ref8]\] CA should be also taken into consideration during Class II/2 malocclusions treatment planning due to the resultant proximity of the central incisors palatal root surfaces in relation to the bone palatal plate. According to several researchers' justifiable concerns,\[[@ref5][@ref11][@ref18]\] potential palatal torqueing of the central incisors roots of Class II/2 patients might possibly result in impinging of the root on palatal cortical bone and, as a consequence, root resorption of the involved teeth.\[[@ref19][@ref20]\]

However, the main criticism to evidences supporting Class II/2 central incisors morphology refers to the fact that they mostly derive from radiographic records, which might potentially prevent central incisors roots and apices to be accurately identified due to the superimposition of structures.\[[@ref5]\] On the other hand, cone-beam computed tomography (CBCT) has been extensively utilized in orthodontics to visualize anatomic structures that are hard to identify in routine panoramic or lateral cephalometric radiographs.\[[@ref21][@ref22]\] Therefore, studies investigating CA in different malocclusions by means of CBCT examinations should be performed, as already suggested.\[[@ref17]\]

To our knowledge, there is a single study that has been recently published,\[[@ref18]\] which utilized CBCT in the comparative analysis of Class II/2 and Class I orthodontic patients. According to this study, the maxillary central incisors of Class II/2 exhibited significant larger crown-root angles,\[[@ref18]\] which contradicts most previous findings, as observed in radiographic examinations. Considering this controversy and the existence of a limited number of studies utilizing CBCT,\[[@ref18]\] it seems advisable to perform further researches on that topic.

Therefore, the objective of this study was to perform a comparative analysis between Class I, Class II/2, and Class II, division 1 (Class II/1) patients in relation to the maxillary central incisors CA, according to CBCT records.

Materials and Methods {#sec1-2}
=====================

This is a cross-sectional observational study conducted at the Department of Dentistry, in the University of Alberta (Canada). It has been previously approved by the University of Alberta Ethics in Research Board (protocol: Pro00056111).

Forty-eight orthodontic cases, which had CBCT as part of their initial diagnostic examinations, were consecutively collected from the Orthodontic Graduate Program records in University of Alberta. Examinations were performed from January, 2013 to December, 2015. CBCT images were acquired for orthodontic purposes where conventional cephalometric and panoramic radiographs did not provide sufficient information for proper diagnosis and treatment planning, e.g., impacted teeth, temporomandibular joint disorders, or evaluation of maxillary transverse dimension or growth.

The images were acquired by i-CAT CBCT scan (Imaging Sciences International, Hatfield, PA, USA). The CBCT machine was routinely calibrated and participants were provided with lead apron. CBCT protocol used in this study was a large field of view (16 cm width × 13 cm height), 120 kVp, 24 mAs, 20 s scan time, 0.3 mm voxel size, and 303 basis projections.

Records were selected if the right and left maxillary central incisors clearly demonstrated fully formed apices. Records of patients with history of facial trauma, craniofacial syndromes, as well as those depicting maxillary central incisors restorations or root external resorption were excluded. After collection, the included patients' examinations were divided into three groups:

Group I: 16 Class I patients' records;Group II/1: 16 Class II/1 patients' records; andGroup II/2: 16 Class II/2 patients' records.

One examiner (TEB), who had been previously calibrated, was responsible for performing measurements. Cross-sections including maxillary right/left central incisors were digitized using the 3D module of Dolphin imaging software (Dolphin Imaging Software version 11.7, CA, USA), and the CA of both teeth was calculated afterwards. The parameters used to identify crown and root long axes, as well as the CA measurement are described elsewhere\[[@ref9]\] \[[Figure 1](#F1){ref-type="fig"}\].

![(a) Illustrative representation of the collum angle (CA); (b) Representation of the measurement of the CA; IS (superius point of the incisal edge); CE (mid-point of the cemento-enammel junction); RA (root apex)](JOS-7-6-g001){#F1}

Statistical analysis {#sec2-1}
--------------------

Comparisons of CA between groups were performed using analysis of variance (ANOVA) for multiple analysis and *post-hoc* Tukey for paired analyses. Reproducibility was measured according to intra-class coefficient (ICC) analysis.

Tests were performed with Statistical Package for the Social Sciences software (SPSS version 20, IL, USA), with level of significance set at 0.05.

Results {#sec1-3}
=======

Study groups mean age and sex distributions are depicted in [Table 1](#T1){ref-type="table"}. There were no significant differences regarding mean age (*P* \< 0.001) or gender distributions (*P* \< 0.001). ICC analysis demonstrated that CA measurement was sufficiently reliable (ICC: 0.897, *P* \< 0.001).

###### 

Study groups characterization according to number of components, sex and mean ages

![](JOS-7-6-g002)

Comparisons between groups demonstrated that, on average, CA of maxillary central incisors of group II/2 are significantly larger than the ones obtained from both I and II/1 groups \[[Table 2](#T2){ref-type="table"}\]. There were no significant differences between groups I and II/1 \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparative analysis of collum angle between study groups

![](JOS-7-6-g003)

Discussion {#sec1-4}
==========

According to CBCT assessment method, Class II/2 individuals presented maxillary central incisors palatally shifted crowns compared with Class I and Class II/1 cases. In general, our results are in accordance with the ones collected in the literature,\[[@ref5][@ref9][@ref10][@ref11][@ref13][@ref15][@ref16][@ref17][@ref18]\] according to which maxillary central incisors of Class II/2 orthodontic patients present, in comparative terms, either larger CAs\[[@ref9][@ref10][@ref15][@ref16][@ref17]\] or smaller crown-root angles,\[[@ref17][@ref23][@ref24]\] when compared to most of the measurements obtained from other malocclusions. Because CA and crown-root angles are complementary, all of the referred studies including ours confirm that maxillary central incisors are morphologically peculiar.

Specifically, differences observed here were statistically relevant when Class II/2 cases were compared to both Class II/1 and Class I patients. The same findings were presented by most of the studies that individually compared Class II/2 patients to specific malocclusions, such as Class II/1\[[@ref10][@ref11][@ref13][@ref15][@ref16][@ref17]\] and Class I.\[[@ref15][@ref16][@ref18]\] However, our results disagree with others\[[@ref10][@ref11]\] concerning the comparative analysis between Class II/2 and Class I patients. Even though mean differences between these groups seem to be relatively smaller, they still reached statistical significance according to our analysis. In the other hand, the referred studies\[[@ref10][@ref11]\] did not find any significant difference between both malocclusion types. Such divergence might be attributed to diverse assessment methods (radiographic) or sample discrepancies (ethnicity).

Several reasons have been considered to explain such palatal "bend" of maxillary central incisor crowns. Authors have indicated genetics or heritability as some of the involved factors.\[[@ref2][@ref5][@ref24][@ref25]\] Another study\[[@ref12]\] demonstrated that the development of a deviant CA depends predominantly on local factors. According to this investigation, conducted in a non-Class II/2 sample, overjet, and inter-incisal angle are relevant predictors of the crown-to-root deflection.\[[@ref12]\]

Others researchers have also hypothesized that the altered crown-root angulation might be a natural adaptation of Class II/2 maxillary central incisors as a result of their inherently reduced labio-lingual\[[@ref8]\] or mesio-distal dimension,\[[@ref6]\] or as a result of their improper position within the jaw.\[[@ref11]\]

However, most of the studies suggest that the main role is most likely to be played by the lower lip position\[[@ref9][@ref16][@ref17][@ref23][@ref26]\] or function.\[[@ref7][@ref9][@ref10][@ref27]\] Credible evidences on this assumption were provided by few researches.\[[@ref27][@ref28]\] One of these study\[[@ref28]\] demonstrated that, although not statistically significant, Class II/2 patients present higher lower lip resting pressure compared to other malocclusion types. In this sample, the lower lip covered 5 mm of the maxillary central incisors in the children with Class II/2 malocclusions compared with 2 mm and 1.5 mm, respectively, in those with Class I and Class II/1 malocclusions. A similar study\[[@ref27]\] also investigated differences in the level of the lower lip line between Class II/2 and Class I patients. Results showed that the former group presented a significantly higher lower lip line than the latter (5.1 mm versus 2.7 mm above the incisal edge of the maxillary central incisors).\[[@ref27]\] In addition, according to proper sensors readings, in the Class II/2 group, resting lip pressure had a positive value on the incisal half of the maxillary central incisors but a negative value in the cervical zone.\[[@ref27]\] Class I patients showed the opposite phenomena.\[[@ref27]\]

Therefore, it seems safe to infer that, up to the present, the most consistent reason explaining maxillary incisors "bending" in Class II/2 patients is the localization of the lower lip line, which is apparently higher. It is suggested that potential bending of the tooth at the cervical part might take place due to the pressure from the lower lip exerted during the development and eruption of the incisors.\[[@ref16]\] There have been reports that the relationship of the lower lip to the maxillary incisors is established between 9 and 13 years, which lends plausible physiological foundation to that theory.\[[@ref29]\] However, because no longitudinal studies have been performed to substantiate this assumption, no causal relationship can be categorically validated, even though evidences indicate so.

Despite the fact that the search for its fundamental reason should continue, the morphologic "bending" of Class II/2 maxillary central incisors definitely brings relevant clinical repercussions that deserve close attention. Because the orthodontic treatment of Class II/2 patients generally requires root palatal torque of those teeth, the current concern lies on moving their roots into the lingual cortical plate,\[[@ref5][@ref9][@ref11][@ref17]\] which might potentially produce perforation\[[@ref5][@ref11][@ref17]\] or increase the likelihood of root resorption.\[[@ref19][@ref20]\] Considering this potential hazard, it seems highly advisable to include, as a routine basis, either CA or crown-root angle evaluation during treatment planning of Class II/2 cases, as already suggested by other authors;\[[@ref5][@ref9][@ref11]\] and, whenever available, CBCT examinations should be obviously preferred.

As previously demonstrated,\[[@ref24]\] third-order recommendations for maxillary central incisor inclination cannot be provided irrespective of its crown-to-root morphology. Lingual alveolar bone thickness seems to vary little according maxillary central incisors axial inclination.\[[@ref30]\] Patients presenting lingually (Class II/2), normal (Class I) or labially inclined incisors (Class II/1 or Class III) seem to present similar alveolar bone therapeutic boundaries lingually. Therefore, surrounding alveolar bone limits also need to be taken into consideration during tooth torqueing planning.

CA mean values obtained within this study and in comparison with most of the other ones\[[@ref5][@ref9][@ref10][@ref11][@ref13][@ref15][@ref16][@ref17][@ref18]\] were somewhat heterogeneous. Literature CA values ranged from, approximately, 1° to 10°, which is comparable to our CA variability. This might encourage clinicians to engage further efforts towards the planning of more judicious torque movements when managing Class II/2 cases.

This study has emphasized, according to accurate tomographic findings, the need for better tooth movement planning. However, larger studies might be performed to confirm or refute our relevant findings. Future researches must be also directed to investigate, by means of tomographic evaluations, not only maxillary central incisors CA but also its pretreatment position and its surrounding alveolar bone characteristics as potentially predictive factors for palatal cortical plate perforation and external root resorption. This would surely assign the proper clinical meaning to the topic that has been under discussion.

Conclusions {#sec1-5}
===========

Our findings suggest that Class II, division 2 individuals demonstrate accentuated palatal inclination of the maxillary incisor crown, as compared to Class I or Class II, division 1 cases.
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